U5, Gov't

FAILURE MODE EFFECTS ANALYSIS/CRITICAL TTEMS LIST

EA NUMBER: 1.14.1 ORIGINATOR: JSC/MM ASTRO PROJECT: GYE
PAKT NAME: CARGO BAY LEU/ORU PART NUMRER: 317358%)-506 QUANTITY! 1
PART NUMBER: 3278850-504 L RU/ORU PART NAME: CTVC SYSTEM: CCTV
13T CONTROL NO:iN/A T RAWING/REF DESIGNATOR:3275890 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT 5TAGE:

TICALITY:
CRITICAL ITEM?:_ Ves SUCCESS PATHS:
CRITICALITY CATEGORY: 22 SUCCESS PATH REMAINING:

ENT ITEM NAME:
END ITEM FURNCTIONAL:
END ITEM CAPARILITY:

EXD ITEM FAILURE TOLERANCE:

REDUNDANCY SCREENS: (ORBITERSPACE STATION
A - Pass

E - Pass

C - Pass

T -

INCTION:Begradation of camera video uriil selfheating of

sCuitry restores normal operalion.
Warst Case:Optical elcments belaw minimum temperatore. Loss of wiission
critical video. '

FAILTRE MODE CODE:
FAILURE MODE:Thermostat docs not close or an opcn sicip heater,
CAUERE:
Thermasiat
Strip Heater
FATLURE DETECTION:
REMALNING FATHS:
EFFECT! MISSION PHASE:

CORRECTIVE ACTION:
Kone.

-FAILURE EFFECTS-
ERDITEM LR DRU/ASSEMELY: Logss of camera qutjruk
SURSYSTEM/NEXT ASSEMELY/INTERFALCE: Ko video
SYSTEM/ERD ITERMAIISSTOMN: Lass of mission critical video

tEW VEHICLE : Nong
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

WEANUMEER: 1.14.1 QRIGINATOR: JSC/MM ASTEROD PROJECT: FE
PART NAME;: CARGQ BAY LRIVORD PART NUMEBER: 327B8%0-506 QUANTITY 1
PART NUMBER: 32788%0-50¢ LEUABLU PART NAME: (TVC SYSTEM: CCTV
LEC CONTROL RO:MN/A DRAWINGREF DESTCNATOR:32TRIN SUBEYSTEM:
ZOKELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

HAZARD INFOEMATION:

HAZARD: YES__ NO_X__
HAZARD ORGANIZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FATLURE DETECTIONFLIGHT:

REMARES;
“RATIONALE FORACCEPTABLLITY-

3 DESIGN:
1he. CTVC is camprised of 21 eiectrical subassemblics; 15 subassemblies are GE Astro Space designed and fabricated using .
standard printed clrcnit board type construction. The remaining six assemblies, 3 stepper mators, 1 brushless motor,
Prism/CCD, and Lens asserably ave vendor supplies components, which have been specified and purchased acenrding to GE
Specification Control Drawing (SC1s) prepared by Engineering and Product ASsurance. Specifications per the 5CD are
performance, tast, qualification, and aceeplance requirements for a procured piece of cquipment. Farts, materials, pricesses,
and design guidelines for the CTVC program are specified in sccordance with GE 326775%, This document defings the
ProEram rejuiremenis

MI-STD-9750 wili serve as ihe primary EEE parts selection decement. If a suitable part caneet be found in MIL-STD-
973G, equivalent EEE paris that meet the follewing criteria may be substituted.

Microcircuit s are at least Class B Lovel, MIL-M-3%510 devices, All microcivenits are subjectad to Particle Impact Noise
Detection (PYNDY eesting per MLL-STD-883 Clescept for devices with plastic epoxy-type package).

Pigdes andl transisiors are at least JANTXV in accordance with MTL-5-19500. Al semi—conductors in cavity-type pachages
are subjected to PIND testing per MIL-STI-§23C. Relays are procured to the highest military established reliability {(MIL-
ER-] kevel as defined in MIL-R-3%016. Relays are subject to PIND testing.

Switehes ave procured to at lease the secand highest level of the appropriate MIL-ER specification. Swilches are subjected tu
either PIND testing nr X-ruy analysis as appropriate, for panticle detectivn.

Other discrete parts are procured ta at least the second highest level of the apprapriate MIL-ER specification.
Paris oot included in the above docurments have heen used in the design only after a noo-standard parts acceptance request

W5PAK) has been prepared, submiticd ta Reliability Assurance Engineering and spproved for use in the epacific
aplisation(s} defined in the NSPAR by NASA-JEL,
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. MEA NUMEER: 1.14.1 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
FART NAME: CARGO BAY LRUARY PART NUMEER: J279800-304 OJUANTITY: 1
FART NUMBER: 327A830-504 LRU/ORU PART NAME: CTV( SYSTEM: CCTV
L5C CONTROL NO:NA DRAWING/REF DESIGNATOR: 3278500 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY.AFFECT STAGE:

Worst case circoit analyses have been performed and documented for all civcwit designs to demanstrate that sufficient
operating margins caist for all operating conditions. The analysis was worst casce io that the value for each of the variable
parameicrs was set to limits that watl drive 1he output to a masimum {or min). A component approach review and analyvsis
was conducted to verify that the applied stress an cach picce part by the temperature extremes identilicd with environmental
qualificativn testing does not excced the stress derating values identified in GE 3267750,

In addition, an objective examination of the design was perfarmed throuph 2 Preliminary Degign Review and Critical Desiga
Review to verify that the CTVC met specification and contracrual requirements.

BARE BOARD DESIGN .

All boards are constructed from laminated copper-ctad epoxy glass sheets per MIL-P-1394% Txpe G Grade A Circuit
connections are made through printed traces which ron from peiot to polnt on the board surfares. Every frace lerminates at
an anpular ring. The annular ring sarrounds the bole in which a component lead or ferminal 38 located. This ring provides a
$poting for the sulder, ensuring good mechanical and electrical performance. Its size and shape are governed by MLL-P-
55640 a5 are trace widihs, spacing and routing. These requirements are reiterated specifically in drawing potes to further
assure compliance. Variation between the armwark master and the final product (due to ircegularities of the eiching process)
are also controlled by drawing notes This prevents making defective boards from good artwork. Holes which house no lead
or terminal, but serve only to electrically interconnect the different board layers, conlain stiteh bars for mechanical suppott
and increased reliability.

ac through holet are drilled from a drill tape thus eliminating the possibility of human error and allowing tight controd over
bole and annular ring concent ricity, an impriant eeliability ceiterion. After drilling and eiching, all copper cladding is Lin-
lcad plated per MIL-STD-1495. This providas for easy and reliable soldering at the time of board assembly, even afier
periods of prolonped stnraige

BOARD ASSEMEBLY DESIGN

All compoments are installed in a manner which assures matimum reliabilicy. Component leads are pre-tinned, allowing
total werting of solder joints. Al leads are formed ¢o pravide siress reliel and the bodies of large components are staked.
Special mounting and handing instructions ar¢ included in each drawing required after final assembly. The board is coated
with urethane which protecty agaiost bumidity and coentamination,

{R) TEST: ACCEPTANCE
Each assembly is individually tested to a NASA approved Acceptance Tesd Provedure TP-AT-3278896, The Acceptance Test
Flew iz detailed in Table 1.

QUALTFICATION TEST

The qualification unit is identical to the flight unit configuration in every respect and is used solely for the purpose of
qualification testing, The Cual pnit must successfully complete acceptance testing prior w entering qualificaticn 1esling. The
Ouai unit has pasecd 1c51ing io accordance with NASA approved test plan PN-C-32788%). The Qualification Test Flow is
detailed in Table 2.

OPERATIONAL TESTS

Io erder to verify that CCYY components are gperational, a test most verify the health of all the command related

cvmpynents from the PHS (47A1) paned switch, theowph the RCU, through the syoc lines to the Camera/PTT], ko the

CameraPTU command decoder. The test rmust alzo verify the camera™ ability te produce vides, the VS17s ability to route
deo, and the monitor’s ability to display video. A similar test would be performed 1o verify the MDM command path.

Pre-Launch on Orhiter Test/In-Flight Test
1. BPawer CUTW system.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"WMEA NUMBER: 1.14.1 ORTGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: CARGO BAY LERIVORT PART NUMEBER: 31TEES0-504 OUANTITY: 1
PART NUMBER: 3278800-50& LELAOBRL PART NAME: CTVC SYSTEM: CCTY
L5C CONTROL. NO:NfA DEAWING/REF DESIGNATOR: 32 78390 SUBSYETEM:
IONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

2. Viathe PHS pancl, select o monitor.

3 Send “Camera Power On™ command Tram the

the PHS paoel,
4. Select “Ecteraal Syne™ on monitor.
&, Ohbserve vides displayed on moniior.

Naote that if video on moniur is synelrpnized
{i.e., sabie raster)
6. Send Fan, Tilt, Forus, Foom, ATC, and amma
cammznds and visually [either via the
moniter or direct observation) verily
DpPeTALINIL
. Select downliok g5 destination and
Ccamera under test as source
3. QObserve video routed tn downlink
9.  Send “Camera Power Off" commanid via FHS panel.
19. Repeat Steps 3 throuph 9 except issue
commands via the MBM eommand path,

[C) INSPECTION:
-peurgment Control - The CTVC EEE Parts and hardware ilems are procured from approved ¥eadors and suppliers.
Jich mect the requirements set forth in the CTVC contrucl. Resident DPRO personnel review all procurement documents
to establish the need for G51 on selected paris (FPAT S17). : .

Incoming Inspeetion and Storage - lncoming CQualiry inspections are made on ali received materialy and parts, Resulis are
recorded Dy 1ot and reiained in file by drawing and control numbers for future reference and traceability. All EEE parts are
subjected to incoming acceptance tests as calied for in AL 315 - Incomiag Tnspection Test Instructions. locoming flight parts
are further processed in accordance with GE 1346684 - Preconditioning and Acecptance Requirements for Electronic Parts,
with the exception that DPA and PINT testing is not performed. Mechanicaf items are inspected per PAY 316 - Incoming
Inspection Instructions Tur Mechanical items, PAT 305 - Incoming Quality Control Tngpection Instruction, and PAL 612 -
Procedure for Prucessing Tncaming or Purchased Parts Designated for Fiight Use. Accepted items are delivered to Material
Coniriled Stores and retained under specified conditions watil fabrieation ig required. Non-conferming matcrials are held
for Material Review Board (MRE) disposition. {PAT-307, PAL [Q{C-531)

Board Assembly £ Test - Prior to the siart of TVC board assembly, all items are verified tn he corriil By SUOCK Yodm
personnel , as the iterns are accumulated to farm a kit. The items are verified again by the operator who assembles the kit by
checking apainst the as-huilt-parts-list (ABFL). DPRO Mundatory Inspectlon Poiots are designed for all printed circuit, wire
wrap and welded wire boards, plus harness conneeloss for seldecing wiring, croimping, golder splices and quality
workmanship prior to coating of the component side of boards and sleeving of baracsses.

CTVC Boards

Specific CTVC bourd assembly and test instructions are provided in drawing notes, and applicable documents are called ot

in the Fabrication Procedure and Record (FER-3278890} and part: list PLI2TE890. [bese include Process Standard RTV-

566 2280881, Process Standard - Bunding Velern Tape 2280749, Specification - Crimping 21R0806, Specification - Eonding

and Staking 2220878, Specification - Marking 2280876, Specificativn Bonding and Staking 1280875, sperification-Wave

Solder 2250811, Specification-Printed Wire Eourd Staking 2280851, Specifi cation-Reflow Soldering 2280754, Specification-
ddering Surface Mount Comporcnts 20005710,

CTVC Asgenibly and Test .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “MEA NUMEER: 1.14.1 ORIGINATOR: JSC/MM ASTRO FREOJECT: GFE
PART NAME: CARCO BAY LEUARL PART NUMBER: 3278R39%-500 QLUANTITY: 1
FART NUMBER: 3278880-504 LRIVORL PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL N(:NfA DRAWING/REF DESIGNATOR: 3273890 SUBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT S5TAGE:

An open box test is performed per TR-IT-32788%0 and an Acceptance Test per TP-AT-3278890, including vibratign and
thermal vacuum. Turque’s are specified and witnessed, traceability Dumbers are recorded and calibrated tools are checked
prier 10 wse, GE Quality and DPRO Inspections are performed a the completion of specificd FPR operatons in seeardance
with PAL-204, PAI-205, and PAT-217. DPRO personnel witness CTVC button-up and critical torquing.

The CTVC is packaged according ta CCTV Letter 3011 and 2280746, Process Standard for Packagiog snd Handiieg
puidetines. All ralated documentation including assembly drawings, Paris List, ABPL, Test Dataetc., is gathered and held in
2 documentation folder assigned specilically o cach assembly. This folder is retained for reference. An EIDF is prepared lor
pach agyembly in aceordance with the requirements of 'WS-1535176, GE (C and DPRO personoel witness crating,

. pacHaging, packing, and marking, and review the ETDP for completeness and aceuracy.

TABLE 1, ACCEPTANCE TEST FLOW
1. ROOM AMEIENT PERFORMANCE TEST

Test conducled per the reguirements of HASA
approved TP-AT-32T8E90,

3. ACCEPTANCE VIERATION EXPOSURE
20-80 Hz: 3 db/octave rige from 0.01 g2/Hz 15 0,04 p2/Hz
§0-350 Hzr 0.04 p2/Hx
350-2000 He: 3 JB actave decreased ta 0.606 g2/ He
. Test Duration: 1 minute/atis, pperating
Test Lavel: 6.1 prms

3. POST-VIBRATION FENCTIONAYL CHECK

Test conducred per the requirements of NASA
approved TP-AT-3275390.

4, ACCEFPTANCE THERMAL-VACUTM EXPOSTRE
1.5 ¢yehes total from +115 dep F tn +14 deg F.

Arfter stabilization, one hour mioimum ducation
2t each platean. In-spec functional testy performed at
vach plateau.

5 POST-ENVIRONMENTAL PERFORMANCE TEST
Roorn ambient performance tesst conducred in
accordznce with NASA approved TP-AT-32733590.

TABLE 2, QUALIFICATION TEST FLOW

i. EMI
Conduct tests rue in accordance with the requirements of
SL-E-0002B, including CS01, 802, C506, TTH, CE0, and CEH3,
Radiated tests run in  aecordance with SL-EJIE including BS02, RS03,
and REOZ except thut the test current for RS02 was 1 amps in liew of 20 amps,

20-80 Hz: - 3dbfoctave increasing Lo 0067 p2iHz

. ~ QUAL FOR ACCEPTANCE VIBRATION
8§0-330 Hz: 0.UHToctave
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FATILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“WEA NUUMBER: 1.14.1 QRIGINATOR: J3C/MM ASTRO PROJECT: GFE
FART NAME: CARGO BAY LRU/DRT PART NUMEER: 2327T8R00-504 QUANTITY: 1
PART NUMEER: 32785%0-50¢ LRIVORT BART NAME: CTVC SYSTEM: CCTV
L3C CONTROL NO:NfA DRAWING/REF DESIGNATOR: 3278850 SUBEYETEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

350-20060 Hz: 3Jdbroctave decrease
Test Level; 7.8 grms
Test Duration: 5 minuteg/axis ppersting

3. FLIGHT QUALIFICATION VIBRATION
20-70 Hz: 8 dBfoctave increaging tn 0.4 p2/Hz
T0-500 Hzy 0.4 g2 Hz
500-2000 Hz: édbfoctave decreasa
Test Leavel: 1%.1 grms
Test duration 48 micnies/atis non-operating

4. THERMAT-VACETM
1.5 cycles wial from +130 deg F wo +7 deg F.

After stabilization, one hour minimum durgtion at each plateau,
In-spec Tunctional tesis performed at each platean.

5 TAERMAL STMULATION
Worst case bor and cold missipn environments
simulated in vacuum, Daring hat cake, io-spec
operation is required for 6 of 14 consecutive hours.
During <ol case, in-spec operation is required for
14 consecutive hours

0. HUMIDITY
120 bours exposure to 85% RH including four 24
hour temperature cycles of +50 deg F to +125 deg
F. noa-operating.

(Il FAILURE HISTORY:
MWone.

{E) OPERATIONAT TISE:
Lioss of siden. Possible loss of major mission objectives due fo loss of RMS cameras
¢r other required cameras.

(F) MAINTAINABILITY:

PREPARED BY: Bernie Embrey REVISTON:

DATE: Fehruary 17, 1095 WANVER NUMEER
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